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INTRODUCTION & MISSION
The Bundeswehr Transformation Center is exploring 
concepts how M&S can effectively support CD&E projects 
related to Peace Support Operations (PSO). Human Factors 
and Human Behavior analyses have shown to be highly 
relevant in this context. One study specifically examines 
possibilities to model a PSO with PAX in which military is 
tasked to assist in building and operating refugee camps, 
and especially to ensure order and security. PAX is to be 
used to support decision makers in assessing and evaluating 
TTP (Tactics, Techniques and Procedures) and ROE (Rules of 
engagement). Therefore, a high degree of validity in the 
model and data is required.
Since IDFW17, PAX has changed significantly, including a 
revised tactical behavior of the soldiers,  adjustments to other 
major model effects and a 3-dimensional simulation and 
visualization.
The team's primary goal during IDFW18 was to calibrate 
selected parameters in order to achieve a realistic behavior of 
the soldier agents with a specific focus on ROE. This 
calibration follows the methodology developed at IDFW17 
and prepares the validation of the new soldier agent model in 
PAX. Underlying questions for investigation are:
1. Are the ROE effective for the military and the given 
mission of operating a refugee camp?
2. Can a secure environment for both refugees and 
camp operators, e.g. military, NGO, be established 
by applying these ROE?
The team's mission at IDFW18 was as follows:
Calibrate the simulation inputs so that the  target ranges of  the 
MOE derived from the underlying ROE are achieved.
SCENARIO
The team examined a situation in the refugee camp where 
members of one group (B) have already received food 
packages and are heading back to their tents. Members of 
another group (A) do not have their rations yet and attempt 
to steal packages from B.
Figure 2: Examined situation in the refugee camp scenario
Two vignettes ("micro scenarios") were chosen as the 
basis for calibration, referred to as the low-escalation vignette 
and the high-escalation vignette. In the low-escalation 
vignette a civilian CivA1 from Group A verbally threatens 
civilian CivB in order to obtain his packages. A soldier 
witnessing the threats tries to stop the packages being stolen 
and to prevent escalation of the situation while obeying the 
ROE, the relevant extract of which is shown in Figure 3. In the 
high-escalation vignette, CivA1 attacks CivB with a knife in 
order to obtain the food as opposed to a verbal threat.
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CALIBRATION METHODOLOGY
Usually, we define calibration of a simulation model as an 
iterative process comprising two main activities: comparing 
the model to the real system and making adjustments to 
reduce  ascertained discrepancies.
Due to a lack of "real system data", however, the team 
was relying on subject matter expert (SME) opinion as to what 
should happen in a particular situation. For this reason, it was 
desirable to perform the calibration on a very small scale 
situation.
The calibration of these vignettes was done in several 
phases1:
• Pre-experimental phase: Determine and classify input 
factors, define the desired MOEs and identify related 
model output factors.
• Develop understanding end exclude unrealistic 
settings: Evaluate the model and scenario doing broad 
range experiments.
• Calibration: Achieve realistic MOEs by adjusting 
input factors or even the model itself.
STUDIES & ANALYSIS
Pre-Experimental Phase
The most important step of the pre-experimental phase was 
to define the MOEs. The refugee camp scenario can be 
declared as calibrated when the MOEs, which were 
determined by SMEs, are met (see Table 1). For example, 
Table 1 indicates that the SME expectation was that in the 
low-escalation vignette the soldier would successfully 
prevent the packages from being stolen in more than 90% of 
the cases.
During team discussions, the inputs of interest in the 
refugee model were found to fall into one of three categories. 
Internal factors are those which are to be calibrated to fixed 
values2. Advanced factors are psychological and behavior 
traits, which should be recalibrated by a model expert for 
each scenario and should not usually be visible to the OR 
analyst. Model variables are those input factors which will be 
varied by the OR analyst in the specific scenario. Thus the 
calibration goal for the model variables is to identify valid 
variable ranges to be used by the OR analyst. Examples of 




Soldier's success in preventing stealing > 90%
Use of weapons by CivA1 0%
Use of weapons by Soldier 0%
High-escalation vignette
Soldier's success in preventing stealing ≥ 90%
Soldier's success in preventing subsequent 
attacks ≥ 90%
Table 1: MOEs and respective calibration goals
Develop Understanding and Exclude 
Unrealistic Settings
The goal of this phase was to develop a better functional 
understanding of the behavior of the scenario and to narrow 
down the ranges of all factors to reasonable intervals. For 
this purpose, several broad range experiments were done on 
a Data Farming cluster. One of the results, for example, was 
the finding of an appropriate level of the threshold below 
which a motive is considered irrelevant in the PAX behavior 
model (see second parameter in Table 2). This was found 
through a regression tree analysis of the results of one 
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1  These phases are intended as a guideline only, with the possibility to add, skip or repeat single phases or steps as necessary.
2  Note that in the case of PAX, this requires a combined effort of model experts, psychologists and SMEs.
Figure 3: Soldier's ROE when defending another agent
experiment and a visual study of unexpected model results 
via animation and graphs of human emotions over time. 
Calibration Phase
The calibration phase encompasses the actual comparison of 
the experiments to the MOEs defined through subject matter 
expertise as well as adjustments to reduce  ascertained 
discrepancies.
For this purpose, an NOLH design with 15 factors was 
created and run for each vignette, based on the experiments in 
the previous phase and the parameters and ranges finally 
selected. Table 2 exemplarily depicts a selection of those 
parameters with their respective value or parameter range.
Model factor Category Range in NOLH DoE
Thresh. insignificance of a motive Internal fixed to 20
Persuasiveness of attacks Advanced fixed to 100
Thresh. for handing over package Internal fixed to 2
Persuasiveness of pacifying Advanced [20;50]
Persuasiveness of threats Advanced [30;60]
Civilians' anger factor Variable [0.01;0.3]
Civilians' arousal factor Variable [1.0;3.0]
Table 2: Categorization of parameters and their ranges in the 
NOLH design of calibration experiment Exp 01
Figure 4: Detailed analysis of a single run in PAX3D GUI
The results from the first calibration experiment (Exp 01) 
are presented in Table 3. Exp 01 indicated a straight success 
for the high-escalation vignette – MOEs achieved and 
calibration declared.
Exp 01 for the low-escalation vignette resulted in a 
surprise: the soldier performed extremely poorly in 
preventing CivA1 from stealing the packages of CivB. More 
precisely, he was successful in only 3% of the cases! Analysis 
of the results indicated that this was due to the factor 
threshold for handing over package, which was subsequently 
fixed to a  value of 1 for Exp 02. While this re-calibration 
already resulted in an improvement to 43% (see Table 3), 
further investigation warranted changes on the 
implementation side that are needed to handle this particular 
type of situation.
MOE Goal Exp 01 Exp 02
Low-escalation vignette
Soldier's success in preventing stealing > 90% 3.01% 43.26%
Use of weapons by CivA1 0% 0% 0%
Use of weapons by soldier 0% 0% 0%
High-escalation vignette
Soldier's success in preventing stealing ≥ 90% 95.29% -
Soldier's success in preventing 
subsequent attacks ≥ 90% 97.64% -
Table 3: Calibration results
The team also studied the animation for several  single 
runs (see Figure 4) and tracked behavior variables as a 
function of time to verify that the calibration results were not 
achieved arbitrarily or due to random effects.
SUMMARY AND CONCLUSIONS
The two main outcomes of the week were the further 
refinement of the calibration methodology defined at 
IDFW17 and a partly calibration of the new PAX3D model 
with a focus on the new soldier agent model.
The main objective of the workshop was to calibrate the 
simulation inputs so that the MOE thresholds derived from 
the underlying ROE are achieved. This could be achieved for 
the high escalation vignette. Analyzing the low escalation 
vignette, the team discovered that the model has to be 
adapted with respect to underlying parameters. In summary, 
there was high confidence that the ROE basically were 
executed properly.
The distinction of the model factors into three categories 
– internal, advanced and variable – in the preparation phase 
makes the calibration process more targeted since the 
different types of parameters need different types of 
calibration as well: Internal factors are the "deepest" in the 
model and are to be calibrated to fixed values, ideally never 
touched again. Advanced factors are also calibrated to fixed 
values or ranges, but based on the scenario and thus 
requiring recalibration when the scenario changes. The 
variable factors finally represent the parameters visible and 
available to the OR analyst and should be calibrated to a 
reasonable range depending on the scenario. This 
categorization is considered an important finding of the 
workshop and an essential step for future calibration work.
To sum up, the general  methodology defined and the 
calibration performed especially with the new soldier agent 
model and scenario during IDFW18 lay the foundation for the 
validation and application of PAX3D.
Finally, the interdisciplinary, international and 
collaborative atmosphere during IDFW18 again guaranteed 
great work with valuable results! Special thanks to all  team 
members for bringing in their expertise, work and time 
during the week – and fun!
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